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Workshop I
Mycoplasma Contamination and Infection of Cell Cultures
Convenors: G.A. MELONI, Padua, AND H. HOPPS, Bethesda
Contributors: K. YAMAMOTO, Tokyo: Cell Culture Contamination-
Elimination of Contaminating Mycoplasmas
H. HOPPS, Bethesda: Contamination: An Overview
A. POLAK-VOGELZANG, Bilthoven: Isolation Techniques
G. McGARRITY, Camden: Occurrence of Contamination in
Differentiated Cells
D. CHANDLER, Bethesda: Cell Cultures as Models for Studying
Mechanism of Pathogenesis
K. Yamamoto reviewed the many different procedures which have been employed
in attempting to eliminate mycoplasmas from contaminated cell cultures. These
have included antibiotics (tetracyclines, kanamycin, chloramphenicol, novobiocin,
tylosin, and gentamicin). In addition, surface-active compounds such as triton-X or
SPS, gold salts, photodynamic inactivation, and hyperimmune sera have been utilized.
Unfortunately, failures have been reported for each of these procedures. Dr.
Yamamoto re-explored the effectiveness of antibiotics using four randomly selected
strains ofM. orale (designated I, J, M, and V). Each of the four strains was highly
resistant to gentamicin and tylosin and less resistant to josamycin and minocycline.
The V strain of M. orale was subsequently selected for treatment using several
regimens including incubation with minocycline alone and in combination with an-
tiserum and complement. M. orale was successfully eliminated in only one instance,
viz., when mycoplasma-infected VERO cells were treated simultaneously with
minocycline (2 itg/ml), antiserum, and complement. During the treatment period
monolayers were left undisturbed and the medium was replaced at two- to three-day
intervals. The effectiveness of the procedure was confirmed using five other cell
lines. Dr. Yamamoto pointed out that this was a unique situation since cultures are
rarely freed of mycoplasmas by antibiotic treatment. He cautioned that one should
continue to consider prevention as the most effective approach to quality control.
However, in instances in which the culture is extremely valuable, such an effort
might be worthwhile.
H. Hopps presented a selective review of studies reported during 1980 and 1981
covering detection, isolation, and elimination ofmycoplasmas from cellcultures; ef-
fects of mycoplasmas on virus replication; specific information on M. hyorhinis;
and a citation of up-to-date review articles.
The references discussed were:
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DelGiudice RA, Gardella RS, et al: Cultivation of formerly noncultivable strains of M. hyorhinis.
Current Microbiology 4:75-80, 1980
Hessling JJ, Miller SE, et al: A direct comparison of procedures for the detection of mycoplasma in
tissue culture. J Immunol Methods 38:315-324, 1980
Meloni GA, Conventi L, et al: Effect of mycoplasma contamination on replication of some DNA and
RNA viruses in cultured cells. Microbiologica 3:461-469, 1980
Negre G, Schmitt-Slomska J, et al: Effect of antibiotics on elimination of mycoplasma from experi-
mentally infected cells. Biomedicine 33:61-62, 1980
Polak-Vogelzang AA, Reygers R, et al: Isolation of M. hyorhinis and M. fermentans from cell cultures.
J Biol Stand 8:243-254, 1980
Barile MF: Mycoplasma infections of cell cultures. Israel J Med Sci 17:555-562, 1981
Darai G, Flugel RM, et al: The plaque-forming factor for mink lung cells present in cytomegalovirus
and herpes-zoster virus stocks identified as M. hyorhinis. J Gen Virol 55:201-205, 1980
Gurney T, Woolf MJ, et al: Elimination of M. hyorhinis infections from cell lines. In Vitro 17:993-996,
1981
Keprtova J, Kvetoslava J, et al: An autoradiographic method of detecting A. laidlawii and M. hyorhinis
in cell cultures. In Vitro 17:563-569, 1981
Kihara K, IshidaS, et al: Detection of mycoplasmal contaminants in sera. J Biol Stand 9:243-251, 1981
RottemS, Marcus M: Eliminating mycoplasmas from contaminated cultures. Israel J Med Sci 17:569-
571, 1981
Stanbridge E: Mycoplasma detection-an obligation to scientific accuracy. Israel J Med Sci 17:563-
568, 1981
Sydiskis RJ, Weber PA., et al: Covert infection of a mouse mammary tumor cell line with M. hyorhinis:
co-sedimentation with mouse mammary tumor virus in sucrose density gradients. In Vitro 17:997-
1003, 1981
A. Polak-Vogelzang discussed isolation techniques reviewing the four major fac-
tors which can influence the outcome of isolation attempts, viz., the sample and its
handling, the medium employed, the conditions of incubation, and the method used
in reading the agar plates.
Sampling A representative sample must be taken. The cell cultures should be
subcultivated for at least two passages without antibiotics. Monolayer-forming cells
must be tested two or three days after trypsinization and suspension cultures one or
two days after centrifugation and addition of fresh medium. The easiest method for
harvesting monolayers is freezing at-70°C. Freezing may also enhance the isola-
tion rate.
Medium Choosing an optimal medium is difficult as the various species which
may be present in the cell cultures differ in their needs. Variation between strains is
possible and it is, therefore, advisable to use two different media, at least. When live
virus vaccines and the cell cultures used for their production are to be tested, one of
the mycoplasma media should be suitable for detecting those species which are
pathogenic for the proposed vaccine recipients.
Individual components of the media should be pre-tested since they may each
possess inhibiting compounds. Pre-testing of complete medium is not practical,
because (especially for Mycoplasma hyorhinis) it is essential that the medium be used
within five days of preparation. Preferably, a cell culture-adapted mycoplasma
strain should be used as test organism. Broth and agar medium should be used, and,
occasionally, semisolid medium. Acidification of broth containing glucose or su-
crose (and a pH indicator) is not always an indication of mycoplasma growth, and
inoculated broth should always be subcultivated on to agar after three and seven
days' incubation. Thallium acetate should be omitted.
Incubation In addition to temperature (35-37°C) the atmospheric conditions are
also important. If possible the media should be incubated under aerobic, anaerobic,
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and micro-aerophilic (5 percent 02 in N2) conditions. The latter favors the isolation
of M. hyorhinis. Care should be taken that agar plates, not incubated in jars, are
sealed, e.g., in plastic bags to maintain proper humidity.
Reading ofresults Agar plates have to be inspected (100x) after three, seven,
and 14 days of incubation. When in doubt, "blind-subculturing" to fresh agar and
broth (in duplicate) is indicated and further aerobic and anaerobic incubation of
these media. The Dienes stain can be applied to differentiate between cells and
mycoplasmas.
The use of fluorescent DNA staining techniques as an alternative to culture pro-
cedures is not advised. While DNA staining can be a useful screening test, false
negatives and false positives can occur; therefore, one should employ both methods
for optimum results.
Mycoplasma infection in differentiated cell cultures was described by G. McGar-
rity. Detection of mycoplasmas in lymphoblastoid cells, specialized endothelial and
epithelial cells, hybridomas, and insect cell lines may present special problems and
the techniques known to be suitable for studying normal fibroblast cell cultures may
not always be applicable.
For example, DNA staining and scanning EM, when used in conjunction with
epithelial, endothelial, and lymphoblastoid cells, as well as Phase III human diploid
fibroblasts, can yield false positive or equivocal results. Someepithelial cellsproduce
different types of collagen which may interfere with mycoplasmal attachment. In
this situation the organisms would be present in the surrounding medium and not
readily detected by EM or DNA staining techniques. Endothelial lines, used in
studying cardiovascular disease, stroke, and cancer, produce high levels of uridine
phosphorylase in vitro; the application of uridine/uracil uptake procedures to such
lines yields false positive results.
Certain insect cell lines derived from Drosophila can also yield false positive
resultsin uridine/uracil tests. Generally, the procedures fordetectionofmycoplasma
infection in insect and other invertebrate cell lines are not standardized and more
data are needed to determine the efficiency of detection procedures. The growth of
mycoplasmas in serum-free medium needs to be explored. A. laidlawii can be grown
in a serum-free medium and this milieu may actually represent a more "natural" en-
vironment for mycoplasmas. Dr. McGarrity concluded that mycoplasmologists
must provide a greater service to cell biologists thanjust to assay for mycoplasma in-
fection. The development of sophisticated cell culture systems embodying a wide
variety of cell types with differing biochemical and metabolic patterns requires that
we have a thorough knowledge of cell biology and exercise care in the selection of
mycoplasma detection procedures.
D. Chandler pointed out that experimental mycoplasma infection of cell cultures
provides a useful tool for probing the molecular mechanisms of mycoplasma-host
cell interaction. Studies of the attachment of M. pneumoniae to WiDr human car-
cinoma cells, MRC-5 human lung fibroblasts, and hamster trachea epithelial cells
are providing information leading to the identification and characterization of host
cell receptors and mycoplasma binding components. Altered host cell nucleic acid
metabolism has been investigated using M. pneumoniae-infected MRC-5 human
lung fibroblasts. Hamster trachea epithelial cells also afford a model for examining
mycoplasma effects on cell metabolism. Results of M. hyorhinis infection of
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BW5147 murine T-lymphoblastoid cells indicate that translocation ofthy-I antigens
from lymphoid cells to mycoplasmas can occur. Continued investigation of these
models should lead to increased understanding of the mechanisms of mycoplasma
pathogenesis.